Abstract The Mediterranean climate region on the west coast of the United States is characterized by wet winters and dry summers, and by high fire activity. The importance of synoptic-scale circulation patterns (ENSO, PDO, PNA) on fire-climate interactions is evident in contemporary fire data sets and in pre-Euroamerican tree-ring-based fire records. We investigated how interannual variability in two fire weather indices, the Haines index (HI) and the Energy Release Component (ERC), in the Mediterranean region of southern Oregon and northern California is related to atmospheric circulation and fire extent. Years with high and low fire weather index values corresponded to years with a high and low annual area burned, respectively. HI combines atmospheric moisture with atmospheric instability and variation in HI was more strongly associated with interannual variation in wildfire extent than ERC, which is based on moisture alone. The association between fire extent and HI was also higher for fires in southern Oregon than in northern California. In terms of synoptic-scale circulation patterns, years of high fire risk (i.e., increased potential for erratic fire behavior, represented by HI and ERC) were associated with positive winter PNA and PDO conditions, characterized by enhanced regional mid-tropospheric ridging and low atmospheric moisture. The time lag we found between fire risk potential and prior winter circulation patterns could contribute to the development of long-lead fire-climate forecasting.
Introduction
Wildland forest fires pose a significant threat to life and property in the Mediterranean climate region of the United States (U.S.), which is characterized by cool, moist winters and warm, dry summers, which promote conditions supporting vegetation fires in most ecosystems annually. This is illustrated by the history of large and severe wildfires in the region (Biswell 1989; Skinner and Chang 1996) . Climate has a strong but complex influence on fire occurrence and extent because it controls vegetation (fuels), and fire activity varies over a range of temporal and spatial scales. For example, short-term (hourly to daily) variations in fire weather variables (i.e., relative humidity, precipitation, temperature, wind velocity) affect local fire behavior (Flannigan and Harrington 1988; Bessie and Johnson 1995) , whereas seasonal and interannual variations in precipitation and temperature, which in turn are affected by synoptic-scale circulation patterns, influence rates of fuel production and the flammability of live and dead fuels over wide areas (Swetnam and Betancourt 1998; Trouet et al. 2006 ). On time scales of decades to centuries, climatic change influences fire regimes by controlling vegetation composition and structure and, hence, fuel types and loads (Swetnam 1993) .
The importance of synoptic-scale circulation patterns, such as El Niño Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO), and the Pacific/North American (PNA) pattern, on fire-climate in the western U.S. is evident in both contemporary records of fire occurrence and extent (Westerling and Swetnam 2003; Gedalof et al. 2005; Trouet et al. 2006 ) and pre-EuroAmerican tree ring data (Swetnam and Betancourt 1990, 1998; Heyerdahl et al. 2002; Hessl et al. 2004; Taylor and Beaty 2005) . ENSO, and the PNA pattern with which it can be associated (e.g., Carleton et al. 1990 ; Leathers et al. 1991) , is a significant source of interannual climatic variability in the Pacific coast states. On decadal time-scales, climate variability is coupled more closely with the PDO (Mantua et al. 1997; Gershunov et al. 1999) , which can modulate the influence of ENSO either constructively (i.e., in the same sense) or destructively (opposing one another) (Gershunov and Barnett 1998; McCabe and Dettinger 1999; Brown and Comrie 2004) .
Both the ENSO teleconnection and the PDO are generally expressed as a north-south dipole climate pattern in the western U.S. (Dettinger et al. 1998 ). In the Pacific Northwest (PNW), comprising the coastal areas of Washington and Oregon, anomalously warm and dry conditions during the winter months are characteristic of the positive (i.e., warm) phase of ENSO (El Niño) and/or PDO, whereas the Southwest (SW), comprising Southern California, shows wet anomalies during the same phase (Andrade and Sellers 1988) . The opposite spatial pattern of climatic conditions prevails during the cool ENSO (La Niña)/PDO phases. The pivotal latitude of the dipole is located ca. 40-45°N, but shifts south or north on interannual and decadal time-scales (Dettinger et al. 1998) .
Another important synoptic-scale circulation pattern influencing the western U.S., which is likely to influence fire activity, is the PNA. The PNA is a function of the preferred locations and amplitudes of the mid-tropospheric wave train over the North Pacific and North America sectors (Wallace and Gutzler 1981) . In the positive mode of the PNA (PPNA), the ridge over western North America is enhanced, along with the troughs over the North Pacific and eastern North America. The anomalously strong ridge over western North America deflects moisture-bearing cyclonic systems from the Pacific producing a more meridional flow over the North American continent. In the reverse mode of PNA (RPNA), the time-averaged ridge over the western U.S. is weakened, becoming a relative trough in the height anomaly field (Leathers et al. 1991) . Whereas dry and warm winter conditions prevail in the western U.S. during the PPNA phase, the RPNA phase is characterized by wet and cold anomalies (Leathers et al. 1991) .
Despite considerable research into understanding the relationship between drivers of interannual climatic variability and fire occurrence and extent (e.g., Swetnam and Betancourt 1990, 1998; Westerling and Swetnam 2003; Trouet et al. 2006) , little research has focused on the effect of these drivers on interannual variability of fire weather conditions (and the associated fire risk), or on the synopticscale circulation patterns associated with these variations (e.g., Verdon et al. 2004) . Fire weather indices are used by fire managers to measure meteorological conditions that influence the spread and intensity of fire and to assess fire danger. Several observational studies have examined the relationship between wildfire activity and meteorological conditions for specific fires and/or over limited geographic areas (Brotak 1993; Saltenberger and Barker 1993; Werth and Ochoa 1993; Garcia Diez et al. 1994 Potter 1996) . The average annual frequency and the seasonal variability in high or low values of fire weather indices have also been examined for specific regions in the U.S. (Werth and Werth 1998; Winkler et al. 2007 ), but these studies did not analyze interannual indices variability or relate variability to synoptic-scale circulation patterns.
Given the lack of research on the influence of synopticscale circulation patterns on fire weather conditions on the American west coast, our study is aimed at determining how interannual variability in surface fire weather is related to variation in dominant modes of synoptic-scale circulation (i.e., ENSO, PDO, PNA), secondary atmospheric features (comprising the synoptic circulation pressure centers of action), and fire extent, in northern California and southern Oregon. This region was chosen for analysis because it has a history of large wildfires and straddles the pivotal latitude of the ENSO-PDO dipole, where fires appear to be synchronized with those in PNW in some decades and with the SW in others (Taylor and Beaty 2005) .
We used the lower atmospheric index developed by Haines (1988) and the Energy Release Component (ERC) as our fire weather indices. The Haines index (HI) combines lower atmospheric components of stability and moisture into a measure of potential for erratic fire behavior, potential wildfire growth, and fire risk. Atmospheric instability is an important factor in fire growth via its enhancement of uplift, fire spotting (the lofting of burning material that ultimately drops outside the fire line, resulting in new fires), and convective surface winds. Thus, HI provides a measure of fire weather conditions for plumedominated wildfires, for which a convective plume is more important for fire growth than horizontal wind (Werth and Ochoa 1993) . ERC, on the other hand, is only a composite index of fuel moisture, and it is calculated as an output of the National Fire Danger Rating System (NFDRS). ERC is related to the available energy per unit area in the flaming front, and it reflects the contribution of fuels and fuel moisture to potential fire intensity. ERC is therefore used as an indicator of intermediate and long-term drying of fuels during the fire season (Bradshaw et al. 1983) . Both indices provide a measure of fire growth potential (and thus fire danger), but are calculated independently. 
Haines index and ERC
We used a 40-year (1961-2000) record of the HI for North America (Winkler et al. 2007 ) that is derived from NCEP/ NCAR reanalysis data having a spatial resolution of 2.5°by 2.5° (Kalnay et al. 1996) . HI is defined as
where T is the temperature (°C) at two pressure surfaces in the lower and middle troposphere (p1 and p2), and T p and T dp are the temperature (°C) and dew-point temperature (°C) at the higher pressure level (lower pressure level for the 'low-elevation' variant). Given the mountainous terrain in the study area, we selected the 'high-elevation' variant of the HI, which is based on the 700-500 hPa (approx. 3,050-5,500 m) temperature difference and the temperaturedewpoint temperature difference at 700 hPa (3,050 m), and which is recommended for the topography of the western U.S. (Haines 1988) . Integer values of 1, 2, or 3 are assigned to a and b in Eq. (1) based on the temperature lapse rates and dew-point temperatures for which elevationspecific thresholds are defined. The two integers are added to produce an index that varies from 2 (low fire growth potential) to 6 (high fire growth potential). We selected HI data for nine grid points that include the study area ( Fig. 1) . Daily HI at each grid point was calculated for 0000 UTC (1600 Pacific Standard Time), during or just after the most active burning period of the day for fires in the western U.S. (Werth and Werth 1998) . Seasonal (Winter (Jan-Mar), Spring (Apr-Jun), Summer (Jul-Sep), Fall (Oct-Dec), fire season (May-Sep)) and annual (October to September) averages of HI were calculated for each grid point using daily data. We also calculated the number of days with high fire risk (HI≥5) or low fire risk (HI≤3) for each season and each year.
To determine the presence of spatial variability in the interannual HI patterns among grid points that might characterize the associations between fire and synoptic-scale circulation patterns, we performed a rotated Principal Component Analysis (PCA; Richman 1986) on each HI variable. The first PCA axis explained between 70% (spring) and 77% Fig. 1 Map of the study region, including two groups of NF (SOM3, SOM8) with similar temporal patterns of area burned (Trouet et al. 2006) , nine grid points with instrumental Haines Index (HI) data (Winkler et al. 2007) , and Remote Automatic Weather Stations (RAWS) in northern California (n=19) and Oregon (n=14) used to calculate ERC (summer) of the total variance in interannual HI, suggesting a strong common control on variance in HI among grid points (Fig. 2) . Consequently, we used an average for all the grid points to calculate HI variables for our analyses. Zscores were calculated for each grid point before averaging to account for any spatial differences in the magnitude of each HI variable among grid points.
ERC was calculated from daily Remote Automatic Weather Stations (RAWS; Warren and Vance 1981) data and fuels data using Fire Family Plus, a fire behavior modeling software package (Main et al. 1990; Bradshaw and McCormick 2000) . Daily ERC values were calculated for 19 RAWS in northern California and 14 in Oregon (Fig. 1 ). RAWS were chosen based on proximity to the National Forest (NF) groups in southern Oregon and northern California identified by Trouet et al. (2006) and the length of record (a minimum period of . The RAWS variables include 24-h precipitation, air temperature, fuel temperature, and relative humidity. We used fuel model G to calculate ERC for all stations. Fuel model G represents fuel conditions in a dense conifer stand with understory and a heavy accumulation of litter and downed woody material (Deeming et al. 1977) . It is dominated by large-diameter woody fuels that are susceptible to 100-to 1,000-h climatic time lags of fuel moisture content. Daily variability in ERC calculated for fuel model G is low due to the time lag. The parameters for this fuel model are characteristic of a wide variety of western U.S. forest types and fuel model G is often applied for regional fire management purposes . Daily ERC values for the months July, August, and September were averaged to create a single (seasonal) ERC value for each year. The months of May, June, and October were not included for the seasonal calculations of average ERC, because of frequent missing values.
Fire extent
We used correlation analysis to identify the association between interannual variability in HI and ERC and annual area burned in two NF groups in southern Oregon and northern California (Fig. 1) (Trouet et al. 2006) . The NF groups were identified using self-organizing maps (SOM), a non-linear, artificial neural network clustering technique (Kohonen 1989) . The SOM method organizes groups by similarity of temporal patterns (Trouet et al. 2006) . The temporal pattern of annual area burned in southern Oregon (SOM8) is therefore quite different from that in northern California (SOM3). SOM is sensitive to outliers (extremely large fire years), which may explain why disparate ecosystems are clustered in the same group. Because of the importance of extreme fire years with respect to fire management, we decided not to exclude extremes from the data set (Trouet et al. 2006 ). The time series of annual area burned for each NF group were converted to z-scores before correlation with time series of HI and ERC records, to standardize for different sized NF. Additionally, first differences (value (year t) -value (year t-1)) of each variable were calculated, to eliminate the effect of temporal autocorrelation in the data. Correlations were calculated over the period 1961 -2000 for HI and 1973 -2003 for ERC.
Synoptic-scale circulation patterns
Synoptic-scale circulation patterns affect climatic variation over large spatial scales and variation in their indices may not be strongly expressed in local climate variation. We identified how ENSO, PDO, and PNA were related to climate variation in the NF fire extent groups by calculating Pearson product moment correlation coefficients between each climate index and local instrumental climate data. Correlation analysis was also used to identify the associations between circulation indices and annual and seasonal HI and ERC for each NF group.
Monthly precipitation and temperature data for 11 meteorological stations within the 40-45°N/120-125°W grid (each having a minimum of 30 years of monthly data) were derived from GHCNv2 (Global Historical Climate Network version 2; Peterson and Vose 1997) . Winter values were chosen because climatic teleconnections in the study region are strongest in this season, and this is also when most precipitation falls, frequently as snow. KNMI Climate Explorer (Van Oldenborgh and Burgers 2005) was used for the correlation analysis and to generate correlation maps.
The influence of synoptic-scale circulation patterns on variation in HI and ERC was determined using the NCEP/ NCAR reanalysis data set (2.5°gridded measurements) of mid-tropospheric (700 hPa) geopotential height (Kalnay et al. 1996) . We calculated annual (October-September) anomalies (i.e., departures from the 1968-1996 base period) of geopotential height for each year and correlated these with the corresponding values of HI and ERC. For the composite map analysis, we identified the five highest and lowest years of HI and ERC, and averaged index values of three dominant modes of synoptic-scale circulation patterns (ENSO, PDO, and PNA) and geopotential height for these sets of extreme years. We used annual values of the Niño3.4 index (a measure of tropical Pacific SST variation that is frequently used as an ENSO index; Kaplan et al. 1998 ) and of the PDO index (Mantua et al. 1997) and monthly values of the PNA index (Wallace and Gutzler 1981) . The significance of the differences in composite climatic conditions between extreme years was determined using a Student's t-test.
Results

HI, ERC, and annual area burned
Long-term averages of the seasonal and annual HI were lowest in the three northernmost grid points and highest in the three southernmost grid points (Fig. 2) . Seasonal HI averages were lowest in winter (2.6-2.8) and highest in summer (3-3.8) (Fig. 3) . Average annual HI for the full record varied between 2.7 and 3.2. The average number of days with HI≥5 ranged from 6 in winter to 15 in summer while the average number of days with HI values ≤ 3 ranged from 49 in summer to 71 in winter (Fig. 3) .
There was a positive association between variation in annual area burned and both HI and ERC in the two NF groups (Table 1 ). The correlations for average HI and for HI≥5 were significant for both the year and for each season. Conversely, correlations were negative between annual area burned and seasonal and annual numbers of days with HI≤3. Thus, annual area burned in both NF groups increased in years with a large number of high fire danger days, and vice versa. The correlations of annual area burned with HI were higher for the fire season and for the year than for other seasons ( Table 1) . The correlations Fig. 3 Box plots for seasonal values of average HI, number of days with HI≥5, and number of days with HI≤3 for 9 grid points in southern Oregon and northern California between annual area burned and HI were also higher for southern Oregon than for northern California. Fire season ERC was positively correlated with annual area burned in both regions, but the correlations were lower than for HI (Fig. 4a,b) .
Teleconnection patterns
Precipitation in the study region was generally negatively correlated with winter Niño3.4, PDOI, and PNAI values (Fig. 5a-c) , while the correlations for temperature were positive ( Fig. 5d-f) . The strength of the relationship varied among stations and between indices, indicating that the influence of dominant modes of synoptic-scale circulation was spatially explicit. ENSO had the strongest influence on winter precipitation in the region, followed by PNA. The correlations of synoptic-scale circulation patterns with precipitation were strongest in the northern part of the region (north of 42°N), where the warm (i.e., positive SST anomaly) phases of ENSO, PDO, and PNA were associated with drier than normal conditions. Strong positive correlations of PNA and PDO with temperature were found throughout the region (Fig. 5e,f) . No significant correlations were found between ENSO and average temperature (Fig. 5d) .
As was expected, annual fire weather indices (HI, ERC CA, and ERC OR) were negatively correlated with annual precipitation at several meteorological stations (Table 2) . Annual HI was positively associated with average temperature (r=0.21, n.s., to r=0.68, p<0.01), but ERC was not correlated with average temperature in either northern California or southern Oregon.
Variations in HI and ERC were associated with some synoptic-scale circulation patterns. Annual HI and ERC values for Oregon and California were positively correlated with winter PDOI values (r=0.47 to r=0.52, p<0.01). The drier and warmer conditions occurring during positive PDO years (Fig. 5b,e) appear to promote more severe fire weather conditions. We found no significant correlations between fire weather indices and concurrent Niño3.4 values. Fig. 4 Time series of the average annual Haines index (HI) and seasonal (July-September) Energy Release Component (ERC) and annual area burned in (a) northern California (SOM3) and (b) southern Oregon (SOM8). Z-scores and first differences were calculated for all data sets Annual HI and monthly PNAI were also positively associated, and the correlation was strongest for December and January PNAI (Fig. 6a) . Negative correlations were found for PNAI of the months of April and September (at the end of the fire season). The average PNAI for December and January explained 27% of the variance (r= 0.52, p<0.001; Fig. 6b ) in annual HI (1963 HI ( -2000 . Annual HI in years with a positive PNA anomaly in winter was higher than HI in years with a negative winter anomaly. A composite analysis of HI for the five highest and lowest years of winter PNAI showed that the average annual HI zscore was higher (0.44) in high PNAI years than in low PNAI years (−0.46) (t=2.37; p<0.05). The influence of PNAI on ERC was more complex. Significant correlations between PNA and ERC were found for November (r=0.53, p<0.01) for southern Oregon, and for September (r=−0.37, p<0.05) for northern California.
Synoptic-scale circulation patterns
The composite climate map analysis for years with high and low HI showed opposite anomalies of geopotential height compared to the long-term average (Fig. 7a,b) . A strong PPNA mode occurred during high HI years, which is characterized by an intensification of the Continental Ridge (CR) and a deepening of the West Coast Trough (WCT) (Fig. 7a) . The intensified PPNA pattern was accompanied by a northward displacement of the polar-front jetstream, a highly meridional flow in western North America, and an accordingly weakened zonal westerly flow. Consequently, moisture-bearing systems from the North Pacific were deflected north of the study region reducing precipitation and relative humidity. The increased subsidence of air in the ridge that is implied by this intensified PPNA pattern promoted increased surface temperatures, lowered humidity, and resulted in generally drier conditions (as confirmed by Fig. 5c,f) . The opposite conditions characterized low HI years ( Fig. 7b) , when a pattern resembling the RPNA (i.e., a weakened CR and WCT) was accompanied by zonal flow and wetter than normal conditions. Years of high and low ERC in northern California and southern Oregon showed broadly similar geopotential height patterns. High ERC years showed an intensified tropospheric ridge (Fig. 7c) , which resembled the pattern in years with high HI, except that the center of the positive height anomaly was further north. Again, this pattern comprises the PPNA mode. In contrast, low ERC years were characterized by lower than normal geopotential heights (i.e., a deepened trough) over the eastern Pacific and the west coast region (Fig. 7d ), yet with positive anomalies (ridging) located over northwest Canada and Alaska. This latter suite of anomalies indicates a higher-latitude blocking pattern for these longitudes; that is a reversal of the pressure/height departures from normal between middle and higher latitudes, and associated weakened westerly winds. Thus, the composite height patterns suggest that annual variation in fire weather indices is related to annual variation in synoptic-scale circulation patterns, particularly those that comprise the PNA pattern.
Discussion
Interannual variability of fire weather in the Mediterranean climate area of the U.S. west coast shows a strong regional signal, suggesting that it is influenced by atmospheric teleconnections operating through their accompanying synoptic-scale circulation patterns. Sub-regional variability (be- Comparison of annual HI and PNAI (December-January). First differences were used for the analysis to emphasize inter-annual variability tween grid points) of HI was limited to 23 to 30%, depending on the season. Similar results were found for ERC time series of neighboring RAWS stations within southern Oregon and northern California. By regionally averaging the HI and ERC data, we emphasized the common signal. Fire weather was generally most severe in summer (with high regional average HI values and high average number of days with HI values ≥5; Fig. 3 ), when foehn-type winds in the Cascades and the Sierra Nevada result in a high frequency of days with large dew point temperature depressions (Werth and Werth 1998) . Even average summer HI values, however, fell within the 'low' category, which is consistent with the results found by Winkler et al. (2007) . On average, 17% (or approximately 1 in 6) of the days in summer (July to September) were characterized by high or greater than high fire risk, corresponding to the 15% found for the same region by Werth and Werth (1998) , based on radiosonde data for the period 1990-1995.
The average annual (seasonal) HI and ERC reflected the number of days in a year (season) when meteorological conditions promoted high fire risk. Considering that there can be many days with high fire potential but without actual fire occurrence, a simple correlation between fire size and fire weather indices is unlikely. Additionally, there are many other factors that influence fire size (e.g., fire suppression actions, topography). Our results, however, suggest that the relation between fire potential and fire size is expressed on an interannual scale: years with a higher than normal number of high fire risk days corresponded to years with higher than normal annual area burned, and vice versa. On a seasonal level, the influence of HI was strongest in summer, when most fires occur, and weak in winter, when fire activity is usually low (Table 1) . Annual area burned data represent fire activity over the full year and integrating HI over the same period increases strength of the association between HI and area burned.
The relationship between HI and fire extent was somewhat stronger for southern Oregon than for northern California (Table 1 ) and this may be related to the dominance of large fires that are ignited by lightning in northern California. The number of synchronously ignited fires can overwhelm fire-fighting forces in this area, especially under conditions of increased fuel accumulation characteristic of the last century (Weatherspoon and Skinner 1996) . This, in addition to severe climatic conditions (as reflected by increased HI or ERC values), promotes extensive fires.
Due to its dependence on dead fuel moisture (which in turn is exclusively controlled by climatic conditions), ERC can be used as a climatic index, representing drought severity over multiple months (Bradshaw et al. 1983) . The percentage of variability in annual area burned explained by ERC (20%) for the Mediterranean climate region is comparable to the percentage explained by other drought indices, such as the Palmer Drought Severity Index (PDSI). PDSI is a composite drought index that is frequently used to identify climatic influences on fire occurrence and extent (Swetnam and Betancourt 1990; Westerling and Swetnam 2003) . PDSI is a measure of soil moisture that integrates immediate and lagged precipitation and temperature in estimating drought severity (Palmer 1965) . The most important atmospheric factor influencing ERC is relative humidity ), rather than precipitation or temperature. Variations in relative humidity (as reflected by ERC), temperature, and precipitation (as reflected by PDSI) thus appear to contribute in equal amounts to interannual variations in fire extent. The percentage of annual area burned in southern Oregon explained by HI (up to 35%, Table 1 ), however, is considerably greater than by ERC or by PDSI. HI includes an atmospheric stability component that can also influence rates of fire spread in the early stages of a fire and therefore fire size. Combining atmospheric instability with atmospheric moisture appears to provide a better measure of potential wildfire extent than indices based on moisture alone.
The synoptic-scale circulation conditions that induce low atmospheric stability and humidity moisture levels, and which correspond to high HI and ERC values (Fig. 7) , also are associated with the occurrence of dry lightning days (Rorig and Ferguson 1999; Skinner et al. 2006) . Thus, these atmospheric conditions not only result in enhanced fire growth potential, but also in enhanced fire ignition potential. Under these conditions, only a few days of lightning are necessary to ignite fires over large areas, which contributes to high annual area burned . Pacific Coast forest fire regimes in the 20th century appear to be strongly influenced by these synoptic-scale circulation patterns, despite increasing anthropogenic influence on fire regimes, such as highly organized efforts to suppress fire, forest management that affects fuel conditions, and human-induced climate change (Agee 1993; Skinner and Chang 1996; Kasischke and Turetsky 2006) .
Generally, large forest fires are strongly associated with synoptic-scale circulation patterns showing enhanced midtropospheric ridging over the affected area, accompanied by meridional flow (Johnson and Wowchuk 1993; Skinner et al. 1999 Skinner et al. , 2002 Pereira et al. 2005) . This is also the case for the Mediterranean climate area on the Pacific Coast, where the enhanced trough and ridge pattern over the North Pacific and North America sectors in large fire years comprises the PPNA pattern (Trouet et al. 2006) . Our results indicate that interannual variability in fire weather in the Mediterranean climate area in southern Oregon and northern California is related to synoptic-scale circulation patterns in general (Fig. 7) and the PNA pattern in particular (Fig. 6) . The PPNA phase is characterized by enhanced subsidence of air in the west, resulting in low atmospheric moisture and increased temperatures over the Mediterranean climate area (Fig. 5c,f) . Fire risk is higher in PPNA years and lower in RPNA years. The strongest influence of PNA on climate occurs in the winter months (Fig. 6a) , when the PNA pattern is also best defined (Leathers et al. 1991) . The influence of interannual variability in winter PNA was stronger for interannual variability in HI than ERC. This may be a result of the greater sensitivity of HI to variation in temperature in our study area (which in turn is influenced by PNA), whereas interannual variation in ERC was not related to variation in average annual temperature ( Table 2) .
The PDO and ENSO signatures in the 40-45°N pivot area over the period 1962-2000 reflect their teleconnections to the PNW. Cool PDO and La Niña phases are characterized by wetter and warmer than normal conditions, whereas conditions are reversed during warm PDO and El Niño events (Fig. 5 ). This pattern is more pronounced in the northern part of the region (north of 42°N). Warm PDO years were associated with years of severe fire weather conditions, reflected in greater values of annual HI and ERC. Large fire years in this area and in the PNW previously have been linked to positive PDO conditions (Hessl et al. 2004; Gedalof et al. 2005; Trouet et al. 2006; Taylor et al., 2008) .
Concluding remarks
Our analysis of the regional signal of interannual HI and ERC variability for nine grid points on a 2.5°grid over southern Oregon and northern California confirmed that HI and ERC are measures of fire risk; that is, of the likelihood of plume-driven fires becoming large or showing erratic behavior (Winkler et al. 2007) . Years with high HI and ERC were associated with widespread forest fires and particular modes of synoptic-scale circulation patterns. This work contributes to a growing pool of studies examining the effects of interannual climatic variability on wildfire activity in the western U.S. (e.g., Agee 1993; Swetnam and Betancourt 1998; Westerling and Swetnam 2003; Trouet et al. 2006 ). Our focus on interannual variation in fire weather indices may permit fire managers to more easily incorporate our results into long-term planning strategies. The 6-month time lag between fire danger potential (represented by HI and ERC) and prior winter circulation patterns (represented by PNAI and PDOI) may permit the development of longterm forecasting schemes based on atmospheric circulation (e.g., Chu et al. 2002; Kitzberger 2002) . Improved understanding that can contribute to fire-climate forecasting may become more important if climatic changes driven by increased greenhouse gases, that are projected to include more intense, more frequent, and longer-lasting blocking ridges over western North America (Lupo et al. 1997; Meehl and Tebaldi 2004) , begin to be expressed. These conditions are expected to increase the number of days with severe fire weather in western North America ).
